Summary. By using an immunoperoxidase indirect antibody method, mouse blastocysts were found to bind specifically hCG and ovine LH but not FSH or the \ g=b\ unit of hCG. Brown peroxidase reaction products were present in the morula and increased with the formation of the blastocoele. The LH/hCG binding 'sites' may be related to the initiation of steroidogenesis in the embryo.
Introduction
Recent reports indicate the presence of an LH and hCG-like substance in mouse preimplantation embryos (Wiley, 1974) and in rabbit blastocoelic fluid obtained on Day 6 post coitum (Haour & Saxena, 1974; Fujimoto, Euker, Riegle & Dukelow, 1975) . It is now well established that cell mem¬ brane receptors are necessary for the mechanism of action of the various polypeptide hormones. Our present study was therefore initiated to determine whether any gonadotrophin binding sites are present on the cells of mouse preimplantation embryos as a preliminary effort towards identifying a functional role of LH or hCG in the embryos during the period of implantation.
Methods and Materials
Randomly bred Swiss mice were mated and the day of finding a vaginal plug was designated as Day 1 of pregnancy. The 200 mice were killed on Day 4 at 08:00 h and 14:00 h to recover morulae and early blastocysts, respectively, by flushing the reproductive tract with Hank's balanced salt solution (BSS), pH 7-4. The embryos were washed with BSS and at each stage were pooled and incubated in batches of 20 in Petri dishes in 0-1 ml phosphate-buffered saline (PBS), pH 7-4, containing (i) 6 µg ovine LH (NIH-LH-S18), (ii) 5 i.u. hCG (purified preparation = 10 000 i.u./mg protein, (iii) 5 µg ß-hCG, or (iv) 6 µg ovine FSH (NIH-FSH-S11). Incubations were carried out at 37°C for 60 min. The embryos were then washed thrice with 15 ml BSS and incubated for 60 min at 37°C with antisera (raised in rabbits) to ovine LH or to hCG (Vaitukaitis, Robbins, Nieschlag & Ross, 1971 ) diluted 1:100 in PBS. The groups of morulae and blastocysts incubated in ß-hCG were exposed after a 15-min wash in BSS to antiserum to ß-hCG (Vaitukaitis et al, 1971) , at 1:100 dilution in PBS, for 60 min at 37°C. The embryos were then washed with three changes of BSS (5 ml each time) for 15 min and treated with monospecific sheep anti-rabbit immunoglobulins tagged with peroxidase (kindly pro¬ vided by Dr S. Avrameas, Institut Pasteur, Paris) at 1:50 dilution in PBS for 30 min. The peroxidase was localized by placing the embryos, after washing in BSS, in a freshly prepared solution of 0-05 % diaminobenzidine (Sigma Chemical Co.) and 0001 % H202 in 0-1 M-Tris-HCl buffer at pH 7-4 for 10 min at room temperature (Graham & Karnovsky, 1966; Avrameas, 1969) . The embryos were finally washed in Tris-HCl buffer and mounted whole in a drop of glycerine on a glass slide for microscopic examination. Control assays were run concurrently : embryos at the same stage were incu¬ bated with normal rabbit serum at 1:100 dilution instead of the antigonadotrophin sera. The non¬ specific peroxidase activity in the embryos was gauged by incubating embryos directly with antirabbit immunoglobulins (raised in sheep) conjugated with peroxidase at 1:50 dilution in PBS. In addition, embryos were incubated directly in diamino benzidine-H202 reagent for detection ofendo-genous peroxidase activity in the embryonic cells. Incubation of morulae and blastocysts in all four hormones and in the three control assay media were repeated on different days at least 6 times.
Results
The presence of reaction products of peroxidase in embryos incubated with LH or hCG is shown in Plate 1. The ability to bind LH and hCG was evident at the morula stage (PI. 1, Fig. 2 ) but was much more obvious at the blastocyst stage (PI. 1, Fig. 1 ). The distribution and localization of the granules were similar after incubations with either hormone. The experiments were conducted with about 500 normal embryos, and the results were reproducible for the two embryonic stages, and with incubations in the hormones on different days.
It is unlikely that the LH and hCG binding 'sites' revealed by this immunoenzymatic technique represent non-specific adherence of the hormones. The embryos were washed several times after each incubation and the grains were always located at the periphery of the cells of the trophoblast and inner cell mass (PI. 1, Fig. 3 ). Embryos incubated in normal rabbit serum before reaction with antirabbit immunoglobulins conjugated with peroxidase were devoid of activity (PI. 1, Fig. 4 ). No reaction was seen when the embryos were incubated only with anti-rabbit immunoglobulins conjugated with peroxidase, indicating the specificity of the reaction products found in the embryos incubated in anti-LH or anti-hCG sera. Furthermore, the absence of any reaction products in embryos incubated in diaminobenzidine-H202 reagent alone confirmed that endogenous peroxidase activity was not being detected in the present assay system. Another argument in favour ofthe specificity of binding is furnished by the results of the incubations with ß-hCG. The antibodies in the antiserum to ß-hCG detected ß-hCG and hCG specifically and discriminated between ovine LH and hCG. The second step of the reaction with peroxidase-tagged antibodies showed that there was no fixation of ß-hCG on the embryos (PI. 1, Fig. 5 ). The ß-hCG used for these experiments was a well characterized and highly purified preparation in which the undissociated hCG was removed . The specifi¬ city of the antiserum was confirmed by radioimmunoassay as described elsewhere (Salahuddin, . The embryos incubated with FSH failed to show any peroxidase reaction, indicating the specificity of the binding 'sites' for LH and hCG molecules.
In additional experiments, mouse blastocysts were incubated directly in anti-hCG serum and then processed as described above in anti-rabbit immunoglobulins tagged with peroxidase and the diaminobenzidine-H202 reagent. All blastocysts showed faint brown deposits, suggesting the possi¬ bility of antigonadotrophin-reacting material in the embryonic cells.
Discussion
These observations show that hCG and ovine LH can bind to the mouse morula and blastocyst. These hormones, although not native to the species, are nevertheless biologically active in mice in that they induce ovulation and increase uterine weight. Treatment with antisera to LH and hCG can terminate pregnancy in mice (Moudgal, 1975 (Dickmann, Dey & SenGupta, 1976) .
